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DAMPNESS PROBLEMS IN A HISTORIC HOUSE
IN _IZM_IR, TURKEY
Bu¨lent Yardım1 and S. Sarp Tunc¸oku2
1Architect, _Izmir, Turkey
2Department of Architectural Restoration, Faculty of Architecture, _Izmir
Institute of Technology ( _IYTE), Urla, _Izmir, Turkey
The study, as a preliminary stage of the restoration work of a historic house from Levantine
ages of _Izmir in the nineteenth century, involves the examination of the dampness basement
problems. Moisture contents and temperature of the wall surfaces were monitored by non-
destructive techniques, such as direct measurements of electrical conductivity and infrared
thermography. The results were evaluated in the light of physical properties, moisture, and
soluble salt types and contents in the materials, outdoor, and indoor climatic conditions,
layout of the site, and architectural features of the building. In addition to rising damp and
lack of sufficient ventilation for years, some faulty details along the intersections with the
terraces of the neighbor buildings, and intersection with the asphalt coated street and the
basement windows that gave way for rainwater leaks were the other sources of dampness.
Some cool but relatively dry parts of the walls were found to be potential zones for dampness
problem through condensation between midnight and early mornings, especially in winter.
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1. INTRODUCTION
Most of historic buildings at present have undergone various destructive effects
of nature, such as the weathering of materials and damage caused by earthquakes,
flood, lightning, storms, and landslides as well as effects caused by man. Much of the
harm is also caused during the reuse of the buildings and inadequate interventions
underestimating the original construction techniques, materials, and their present
situations.
The study aimed to investigate the existence and possible sources of the
dampness in a historic building, the Nebahat Tabak Residence in the Basmane
District as an initial stage for its restoration. This place was the vivacious commercial
center of _Izmir in Levantine Period until the end of the nineteenth century (Yardım,
2006). _Izmir, located at the Aegean Coast of Anatolia, called Smyrna in ancient times
was one of the most strategically important and attractive cities throughout the
Mediterranean history (Figure 1).
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Compared with the central and eastern parts, the Aegean Coast of Anatolia
possesses milder climate. Despite the relatively short and mild winter, _Izmir has been
suffering air pollution problems in the recent years. Pollution has become particularly
problematic during winter nights due to the consumption of insufficient energy sources
for heating primarily in dwelling buildings since their number rapidly increased around
the downtown in the past decade. The combined effects of the humid atmosphere, which
is endemic to the region, and polluted air have been observed in varying forms of
deterioration on the porous building materials of historic monuments in the city.
The area where the study was carried out contained numerous residences that
once belonged to the noble families and merchants that were lined up on both sides of
the narrow streets on the order of attached-pattern. They were all typical to the
Levantine Period of _Izmir. Despite some changes in time, the area still reflects the
architectural characteristics of the period (Figure 2).
The exact construction date of the Tabak House is unknown, but it is thought to
have been built in the second half of the nineteenth century based on comparison of its
architectural features and workmanship with other houses for which the construction
dates are known. It was seriously damaged due to its abandonment since the 1970s. A
partially collapsed roof and loss of the most of the windows and doors in the upper
floors caused the house to be entirely open to outdoor conditions giving way for further
damages by the direct penetration of rainwater and wind, as well as polluted air.
[a]     [b]   
[c]     
Figure 1. A)Map of the location of _Izmir City, Turkey, and approximate position of B) Kadifekale Citadel
and C) Basmane District viewed from _Izmir Bay (figure is provided in color online).
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Despite a few holes found on its blind-metal windows, the basement seemed to
be protected against outdoor conditions better than the upper floors. Therefore,
dampness survey is limited with the basement where the humidity was detected, but
the cause was not certain.
1.1. Method
Due to the heterogeneous character and the thickness of the walls, the difficulties
inherent in a thorough estimation of moisture content in masonry structures are well
known. Especially in the case of historic buildings, which involve many complicated
and combined parameters while not allowing material sampling in sufficient quantity
and invasive test techniques, such an estimation becomes more difficult. However,
owing to the developments in nondestructive or slightly destructive test techniques in
the recent years, it is possible to carry out diagnostic studies and surveys in a relatively
short time. Among these techniques, infrared thermography (IRT) (Grinzato et al.,
1998; 2002; Balaras and Argirou, 2002; Avdelidis and Moropoulou, 2004; Barreira
and Freitas, 2007) impulse or ground penetration radar (Moropoulou et al., 2002),
microwave (Binda et al., 1998; Ka¨a¨ria¨nen et al., 2001) and ultrasonic velocity (UV)
measurements (Grinzato et al., 2004), and measurements of electrical conductivity,
particularly in wood (Quarles, 2008) are those mostly employed in building and site
investigations (Wirahadikusumah et al., 1998; Wiggenhauser, 2002; Clark et al., 2003;
Meola et al., 2005).
The emergency nature of the restoration of the Tabak House, limited the time
for determination of which techniques to use for a quick survey to detect the level and
the possible sources of the dampness in the basement. In addition to the detection of
indoor climatic conditions, the decision was made to perform IRT and conducto-
metric moisture measurement.
[a] [b]    
Figure 2. Photographs of the views from A) the street of hotels and B) the street #1299 and Tabak House
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An infrared camera measures the thermal radiation emitted from the material
and displays the scanned-surface as a colored or gray image, the tones that correspond
to the gradation in temperature. In case of dampness, cooler areas where evaporation
(an endothermic reaction cooling the surface) occurs, represent the moistened parts of
the surface (Grinzato et al., 1998; 2002; Balaras and Argirou, 2002; Avdelidis and
Moropoulou, 2004; Barreira and Freitas, 2007). However, in addition to the material
properties, the existence of excessive relative humidity and/or carbon dioxide in the
ambient air also affects the results of thermographic measurements (Avdelidis and
Moropoulou, 2003; Avdelidis et al., 2003). Such interferences can be eliminated by
extended thermography through specific filters with different detection bands (called
selective IRT [infrared thermography], as noted previously) to be supplemented with
material analyses. A similar technique is also proved to be used for hygroscopic salts
(having high equilibrium moisture) through laboratory analyses for the estimation of
real moisture conditions in terms of condensation, saturation and their precipitation
in the material which cause damage to the structure (Gayo-Monco and Frutos,
1997;1998).
Surface temperatures of the walls were recorded by using a FLIR ThermaCAM
PM695 infrared camera (FLIR Systems, Boston, MA, USA). It has un-cooled micro
bolometer type detector of 320 240 pixels in focal plane array and thermal sensitivity
of 0.08 C, with a spectral range of 7.5–13 mm. The emissivity of stone walls was
assumed to be 0.90 for the survey. ThermaCAM Reporter 2000 Professional and
ThermaCAM Explorer 99 Software (FLIR Systems, Boston, MA, USA) were used for
creating the thermal images of wall surfaces.
The moisture readings were performed on the wall surfaces by using the
GE Protimeter Surveymaster (GE Inspection & Sensing Technologies, Buckinghamshire,
England) developed as a non-destructive testing device to measure moisture content in
wood by electrical conductance. It also gives a wood-moisture-equivalent in other materi-
als with an approximate measurement-depth of 0.5 inch from the surface. Woodmoisture
equivalent represents the theoretical level of moisture content expressed in percentage that
would be attained by a piece of wood in contact with thematerial under investigation. The
lowest decay-safety level of themoisture content of wood at 75%–80%relative humidity is
in the range of 16%–20% inmass, belowwhich the wood is supposed to be dry (Coleman,
1999). In this study, the limit of the wood–moisture equivalent for the level of dry zone is
assumed to be 20%. As mentioned previously, the technique has an important disadvan-
tage in terms of assessing hygroscopic salts with high conductivity which displays excessive
moisture content misleadingly (Coleman, 1999; 2000). For this reason, other than the
consideration of each measured value, the differentiations in the values are utilized to
obtain a qualitative and relative moisture distribution on the walls.
In addition to IRT, the moisture survey is also extended with the laboratory
analyses for the determination of the physical properties, actual moisture and soluble
salt contents and types found in the materials from the walls, and indoor/outdoor
climatic data to be discussed and evaluated to have information as close as possible to
the real moisture conditions in the basement.
The indoor climatic conditions, such as the air temperature, dew point tempera-
ture, relative humidity and air flow were determined by thermal and hygric measure-
ments on the same survey days (September 23 and December 2, 2005) when the
conductometric moisture measurements and IRT scanning of the walls were
performed. The outdoor climate data of the years 2004 and 2005 deemed as the recent
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history of the climate was also used to examine the likely effects of the environmental
conditions on the dampness problem.
The relationships between the street, garden and neighbor buildings adjacent
to the Tabak House on its north and south sides, the buildings facing the house
across the narrow street, and the topography of the nearby surroundings were the
other concerns considered within the overall evaluation of the survey and experi-
mental results.
1.2. Architectural and Constructional Features of the Building
1.2.1. The Site The Tabak House was accessed from the west edge of a narrow
lane, numbered 1299 and opened to Oteller Sokag˘ı which referred to the street of
hotels. In fact, almost all hotels were originally the houses that were built in the
nineteenth century, the Levantine ages of _Izmir. These houses were converted into
hotels in the past few decades (Figures 2 and 3). In general, all hotels around the
area have served for lower income-peoples and migrants who are seeking a job in
the city.
The house, which was situated on the northeast side of the courtyard, comprises
three stories including the basement (Figures 2B and 3).
There were three service buildings in the courtyard built during 1960s when the
house was donated by the Tabak Family to be used as a dormitory for the orphans.
The first service building is a two-story building at the southeast edge of the courtyard
with an independent entrance through a cul-de-sac was that as lodging for the staff.
The second building, which was adjacent to the house at its northwest-edge, was
composed of a single-story with a bath and toilets for the children who once lived in
the dormitory; this building placed between the lodgment building and the house. The
third building, separated from the house with the alcove-like basement entrance-niche
at the southwest, was also a single-story building and served as the cloth-drying
building (Figure 3).
Regarding the missing doors and widows of the main building, this, the
unfortunate situation was also true for these buildings. They were entirely open to
outdoor conditions. The electrical, potable water and sewage disposal installations
were completely damaged. Water and power supply of the house and attached
buildings were cut-off by the local municipality since the time of abandonment.
1.2.2. The House The plan layout of the house was a longitudinal sofa, defined as a
spatial distribution hall on the central axis, and the rooms symmetrically located at the
either sides of the sofa at the ground and first floors (Figure 4).
At the ground floor, one of the shorter sides of the sofa in the east provides the
entrance from the street through a niche below a bay-window, which was located at
the first floor and called jumba (Figures 2B and 4). The other side across the entrance
gave way to the courtyard below a balcony at the first floor (Figures 4A). The
connection between the two floors was provided through the wooden stairs at the
southeast corner where a service space on the ground floor and a toilet on the first
floor were also included (Figure 4). The entrance to the basement, located 1.5 m below
the courtyard level, was provided by the stairs descending through a niche-like space
between the house and the cloth-drying building (Figures 3 and 5A).
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The basement was composed of two spaces, Space 1 and Space 2, which were
almost equal in size and character (Figures 5B and 6). These spaces were connected
through a brick-vaulted narrow passage. The basement was entered through a metal
door which was 1.05/0.95 m in dimensions and placed at the north edge of the Space 1.
Facing to the street, there were four window-openings, each of which was 0.95/0.95m in
dimensions. They were placed approximately 0.30 m above the earthen basement-
ground. The bottom level of these windows corresponded to a level of a few centimeters
above the street coated with asphalt (Figure 2B). One of the two windows of each space
on this wall was filled with brick (Figure 6). In addition to these openings, there were
twomore openings at the west wall of the Space 2, but they were filled with rubble stone
when the bath/toilet building was attached to the house (Figure 6).
The structure of the house reflects the characteristics of the composite system
which combined stone/brick masonry and wood construction techniques. The exterior
leaves of the north and south walls above the ground floor level were composed of brick
Figure 3. Illustration of the location of the Tabak House (modified from the measured drawings provided
by the Department of Architectural Restoration, _Izmir Institute of Technology, _Izmir, Turkey) (figure is
provided in color online).
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with the width and length of 21 2 cm and the thickness of 3.5 cm, while their interiors
were of wood frame with rubble infill and rendered with lime plaster. Half brick units
were also available in brick courses. The thickness of mortar joints was 2–2.5 cm.
[a] [b]
Figure 5. Photographs of A) the basement entrance niche and B) the stairs leading to the basement (figure is
provided in color online).
 [a] [b]
Figure 4. Plans of A) the ground floor and B) the first floor (modified from themeasured drawings provided
by the Department of Architectural Restoration, _Izmir Institute of Technology, _Izmir, Turkey) (figure is
provided in color online).
DAMPNESS IN HISTORIC HOUSE 7
INTERNATIONAL JOURNAL OF ARCHITECTURAL HERITAGE 3(1): 1–23
The exterior walls of the house and the longitudinal walls of the sofa on both
floors support the structure. The walls of the basement, on which the wood beams of
the ground floor rested, were constructed of ruble stone masonry (Figure 5B). The
separation walls between the rooms on both sides of the sofa at the ground and first
Figure 6. Basement floor plan (modified from the measured drawings provided by the Department
of Architectural Restoration, _Izmir Institute of Technology, _Izmir, Turkey).
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floors were supported by the wood studs that were erected on the single footings in the
basement. The footings were made out of cut stone blocks (Figure 5B).
The rubble masonry walls of the basement, composed of andesite stones and
lime mortar, were approximately 1.90 m high from the ground level and 0.50 m deep.
In addition to stone, brick was partially used in the vault of the connection passage
between the Spaces 1 and 2, relieving arches above the windows and a foundation-like
brick protrusion from the south wall of the Space 2 (Figure 6). The flooringmaterial of
the basement was compacted earth.
2. SURVEY AND EXPERIMENTS
2.1. Measurements of Moisture Content and Temperature
of the Wall Surfaces
To take systematic moisture readings, a grid system, for which each module was
approximately 0.50/0.50 m in dimensions, was formed on the wall surfaces of the
basement by stretching ropes. Each wall was numerated on clockwise direction
(Figure 6). The same grid was also used as the base for the maps to show the moisture
and thermal profile of the wall surfaces.
As the scale on IRT images showed, the temperature difference on the surfaces was
not more than 4C in most cases. Thus, similar to the moisture maps, two ranges such as
2223 C and 2324 C were determined for the mapping of surface temperatures to
express the gradation from cool to warmer zones. Each range is expressed by the tones of
purple. As the application of IRT technique requires (Grinzato et al., 1998; 2002; Balaras
and Argirou, 2002; Avdelidis and Moropoulou, 2004; Barreira and Freitas, 2007), the
thermal map of each longitudinal wall was obtained by the evaluation of several IR
panoramic shots along and perpendicular to the wall surface due to the narrowwidths of
the Spaces 1 and 2. Therefore, the distorted IRT perspective-images presented together
with the normal photographs here are not accurate but mere rough images of the walls
taken at the beginning of the detailed scanning of each wall.
2.2. Determination of the Indoor and Outdoor Climatic Conditions
2.2.1. Indoor Climatic Conditions Relative humidity, ambient and dew point
temperatures, and air flow in the basement space were detected through the hygroscopic
and thermalmeasurements by the use of testowith its software testo Comfort v3.2 (Testo
AG, Lenzkirch, Germany). The results have been presented in diagrams obtained from
the software (Figure 12).
2.2.2. Outdoor Climatic Conditions The meteorological data, obtained from the
annual reports provided by the General Directorate of the State Meteorological
Service _Izmir Regional Station situated to the east of the house at 6 km air-distance,
contained monthly averages of the ambient and dew point temperatures, and relative
humidity recorded at 7. 7 AM, 2 PM, and 9 PM. In addition to temperatures and relative
humidity, the frequency of the direction and velocity of the prevailing winds, and
rainfalls were also included in the data for the past 2 years, 2004 and 2005.
The data belonging to indoor and outdoor climate were delineated in the
diagrams. The data, which covered a ‘one week-period’ before each survey day,
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were also presented in diagrams to evaluate the likely effects of the most-recent
outdoor conditions on the measurements during the survey days.
2.3. Material Sample Collection
The samples of stone, brick, mortar and plasters, each of which weighs
approximately 50–60 g and 25 cm in depth from wall surfaces were collected by a
conventional technique — simply, using chisel and hammer with care not to cause
further damage. A high-speed driller was not used because of the excessive heat and
cooling water both produced during the drilling and cause changes in the ‘in-situ
characteristics’ of the materials. Sample from the earthen ground was collected from
10–15 cm depth where the stratum was relatively hard. The collected samples were
immediately packed and sealed in polyvinyl bags for the laboratory analyses to
determine their moisture and water-soluble salt contents, porosity and water
absorption capacities in the laboratory.
The nomenclature used for the samples indicated the type of thematerial, such asM
being mortar, S stone, B brick and PL plaster. The digits indicated the number of the
samples. The spots of the collection were indicated on the drawings of the walls
(Figure 7).Together with the granular sample of soil, the samples of plaster (PL) and
the brick (B2) were analyzed only for their moisture and soluble salt contents and types
because they were extremely fragile.
2.4. Laboratory Analyses
2.4.1. Determination of Moisture and Soluble Salt Content of the
Materials Before the determination of the physical properties, the samples were
removed from their sealed packs and immediately weighed (mwet). The samples were
then dried in an oven at 60C until they reach at a constant weight (mdry). The reason
for such a mild temperature to dry out the samples was to avert likely decompositions
in their crystal structure. Their moisture contents ([MC] % in Mass) were calculated
by the following formula:
MCð%Þ ¼ ½ðmwet mdryÞ=mdry  100 (1)
The analyses of water-soluble salt contents of the samples were carried out by
the measurement of electrical conductivity of the solutions of samples which
were obtained by dissolution of finely powdered 1g of sample in distilled water.
The percentages of the salt contents were calculated by the following formula
(Black, 1965);
Salt contentð%Þ ¼ ½ðA VsolÞ=1000  ð100=MsamÞ (2)
Where;
A is Salt concentration (mg/l)¼ 640EC (mS/cm);
EC is Electrical conductivity (mS/cm);
Vsol is Volume of the solution (ml); and
Msam is Weight of the sample (mg).
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The moisture and soluble salt contents of the materials were presented in the
same diagrams. In addition to their content, the anion parts, such as (Cl), nitrate
(NO3
), sulfate (SO4
2) and phosphate (PO4
2) of the most common soluble salts
were also determined by spot tests to estimate their possible sources. The assessment
was done visually according to the degree of the changes in color and precipitations in
the sample solutions (Teutonico, 1986). The results are presented in Table 1.
2.4.2. Determination of Porosity and Water Absorption Capacity of the
Materials For the determination of basic physical properties, each dried sample was
separated into three pieces, of approximately 15–20g, and weighed (mdry). The satura-
tion of the samples in distilled water was carried out in a vacuum oven. The weights of
the water-saturated samples were recorded as saturated weights (msat). The weight of
saturated samples was also measured in water and recorded as the Archimedes weight
(march) of the samples. All weights were measured with the sensitivity of 0.01g and they
were used in the calculation of porosity, density, and water absorption capacity of the
samples as follows (RILEM, 1980; Teutonico, 1986):
Pð%volÞ ¼ ½ðmsat mdryÞ=ðmsat marchÞ  100 (3)
[a]
[b]
[c]
[d]
Figure 7. Illustration of the material sample collection: A) walls #1 and #8, B) wall #2, c) wall #4, and d)
wall #7 (PL, plaster; S, stone; B, brick; M, mortar) (figure is provided in color online).
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Dðg=cm3Þ ¼ ðmdryÞ=ðmsat marchÞ (4)
WACð%volÞ ¼ ½ðmsat mdryÞ=ðmdryÞ  100 (5)
whereWAC is water absorption capacity. Together with the moisture and soluble salt
contents, the physical properties of the materials are expressed in Table 1.
3. RESULTS AND DISCUSSION
3.1. The Outdoor Climate Conditions in the Years 2004 and 2005
The meteorologic data revealed that the probability of the occurrence of out-
door condensation was relatively higher in January, February, November and
December, especially between midnight and early mornings due to the lower ambient
and dew point temperatures which were quite close and high relative humidity
compared with those values recorded at noon times (Figure 8).With respect to their
frequencies, the winds from the west (W) and south-southeast (SSE) seemed to be
dominant throughout the years 2004 and 2005 (Figure 9A).
As Figure 9B shows, the strong winds blew from the SW, S, and SSE. The SSE
winds were supposed to be effective on the outside drying conditions through the front
facade of the house. However, a hilltop, on which the citadel Kadifekale is located
approximately 1.5 km towards the SE, formed a topographic obstacle in receiving the
dominant winds of the region from SSE (Figures 1B, 1C, and 3). In addition, the taller
hotel buildings and other buildings across the very narrow street (not more than 4 m
wide) seemed to prevent the basement of the house from receiving the winds from the
northeast (NE) and east-northeast (ENE) directions (Figures 3 and 9). The west (W)
winds were not also effective on drying due to the attachments of the cloth-drying and
bath/toilet buildings built in 1960s blocking the west facade of the basement (Figure 3).
Review of the distribution of the rainfall in the past 2 years (2004 and 2005)
revealed that the rain was effective in winter, autumn and partially in spring
(Figure 10).The same Figure shows that the amount of rain in 2005 was higher,
especially in February, October and November than the rainfalls in the previous
year. This finding may indicate that the rain penetration into the house, in particular,
through the partially collapsed roof, accelerated the damages in the upper floors in the
past year of 2005.
3.2. The Results of the Surveys
3.2.1. Outdoor and Indoor Conditions Outdoor conditions in the 1-week-periods
before each survey day proved that condensation did not take place outside since the
dew point temperatures were not reached (Figure 11). In both survey days, the relative
humidity in the basement (70%–73%) which was higher than the outdoor humidity
(39%–60%) (Figure 12). Indicating improper ventilation which provoked the
dampness problem, the air movement in the basement was considerably low in both
survey days (0.01 m/s) (Figure 12).
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Figure 8. Graph of the monthly averages of the ambient temperature (T C), dewpoint temperature (Td C)
and relative humidity (RH) at A) 7:00 AM, B) 2:00 PM, and C) 8:00 PM in the years 2004 and 2005 (data from
the General Directorate of the State Meteorological Service, _Izmir Regional Station, Turkey) (figure is
provided in color online).
DAMPNESS IN HISTORIC HOUSE 13
INTERNATIONAL JOURNAL OF ARCHITECTURAL HERITAGE 3(1): 1–23
Regarding condensation in the basement, the September 23 survey showed that
condensation did not occur since the difference between ambient and dew point
temperatures were high enough. However, indoor conditions on the December 2
proved that the condensation was possible (Figure 12).
3.2.2. MoistureContents and theSurface Temperatures of theWalls Regarding
moisture content measurements and IRT scanning results are concerned, most of the
moisture seemed to be raised from the ground (Figures 13 and 14).In addition to the
dampness from the ground, the rain water penetration caused by the rainfalls on
September 17, which was proven by the wet beams that appeared on the IRT image,
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Figure 10. Graph of the monthly averages of the rainfall distribution in the years 2004 and 2005 (data from
General Directorate of the StateMeteorological Service, _Izmir Regional Station, Turkey) (figure is provided
in color online).
[b][a]
Figure 9. The directions of A) the frequency and B) the velocity (m/s) of the prevailing winds in the years
2004 and 2005 (data from General Directorate of the State Meteorological Service, _Izmir Regional Station,
Turkey) (figure is provided in color online).
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and rainfalls onNovember 25–27 seemed to affect the dampness that was detected by the
survey on December 2 (Figures 15 and 16).
As it was explained in the evaluation of the outdoor and indoor conditions,
condensation did not take place during the survey times. However, some cool but
relatively dry zones are the indicative of the regions that are prone to condensation
when the dew point temperature was reached and the relative humidity increased
between midnight and early morning (Figure 17).
The cooling of these zones was likely caused by air flow through the gaps of the
window sashes and the gaps at the upper edge of the masonry walls where the wood
beams and planks of the ground floor rested. Such a cool zone was also observed
around the vertical shaft through which the former baked-clay sewage disposal pipe
passed (Figure 18).
3.3. Results of Laboratory Analyses
3.3.1. Moisture andWater-Soluble Salt Contents of theMaterials Soluble salt
content of the materials increased with their moisture contents which were calculated
by their wet and dry weights. The highest amount of moisture and salt content was
found in the soil sample. It was followed by the moisture and salt contents of brick
(B2) and its jointing mortar (M4) from the foundation-like brick bonds protruded
from the lower part of the rubble masonry wall #7 (Figures 6, 7D, and 19).
The soluble salt contents of the other mortars (M2, M3) were also high.
Regardless of their calculated-moisture contents, they showed extremely high values,
in fact, almost always 100% during the moisture measurements with moisture meter.
Such an extremely high conductance can be attributed to the nature of the mortars in
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Figure 11. Graph of the outdoor temperature and humidity conditions during the 1-week period before each
survey day in 2005 (T C, normal temperature; Td C, dewpoint temperature; RH, relative humidity (data
from General Directorate of the State Meteorological Service, _Izmir Regional Station, Turkey) (figure is
provided in color online).
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which lime was used as binder. Unlike other salts, calcium carbonate does not dissolve
in water easily. However, such a high salinity may be due to the more soluble
bicarbonate likely formed by the reaction of sufficient amount of carbon dioxide
and the water (Teutonico, 1986) which was permanently present in the basement
atmosphere and the walls. Although not measured during the surveys, the presence
of such amount of carbon dioxide in the basement atmosphere was possible because of
the polluted air that penetrated and probably trapped in winter times due to the
insufficient ventilation. Because of an uncertainty, mortars were not included in the
moisture survey of the walls by electrical conductivity measurements. Instead, their
[a]
[b]
Figure 12. Graph of A) the indoor climate conditions on September 23, 2005 (the sudden jumps in the peaks
were the moments when the infrared thermography survey team of three people was passing near by Testo
equipment); B) and on December 2, 2005 (redrawn from the original Testo outputs) (figure is provided in
color online).
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calculated-moisture contents were evaluated in terms of the relations between moisture
and the physical properties of masonry materials of the basement.
3.3.2. Salt Types Detected by Spot Tests Spot tests for the determination of the
Q20
anion parts of the salts showed that the salts of Cl andNO3
 formed the major group
particularly in the soil (Table 1). The high amounts of Cl and NO3
 salts are the
evidences of the leaks from the sewage disposal system of the house and attached
buildings when the system was active in the past.
Other than the soil, the SO4
2 contamination in the construction materials is
possibly due to the leaks from the dissolved (by the rain penetration from the damaged
roof) gypsum ornaments, such as the cornices framed the topmost edges of the rooms
at the upper floors or due to the polluted air trapped in winter times. PO4
2 was not
found in any of the samples.
[a]
[b]
Figure 13. A) moisture and B) thermographic map of the wall # 5 indicating rising damp (September 23,
2005) (figure is provided in color online).
[b][a]
Figure 14. A) Photograph and B) infrared thermographic image of the wall #5 of the basement showing
rising damp (September 23, 2005) (figure is provided in color online).
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3.3.3. Physical Properties of the Materials The porosity values of the mortars
varied between 48%–45%. The porosity of brick (B1) was 31%, followed by the
porosity of stone (S), which was 16%, being the least. Parallel to the porosity values,
water absorption capacity of the mortars varied within a small range, which was not
more than 5% (Figure 19).
The comparison between the porosity (P), water absorption capacity and
calculated-moisture content indicated to what extent the accessible pores of the
materials were saturated with water. Following the soil sample, the brick (B2) and
its jointing mortar (M4) both collected from the spots close to the ground had
relatively higher MC and salt content, respectively. They were followed by the MC
and salt content of the mortars ofM3,M2,M1, brick (B1), stone (S) and plaster (PL)
in descending order (Figure 19) as the heights of their collection spots from the
ground increased (Figure 7). Indicating the reason and initial source of the
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Figure 15. Graph of the velocity (m/s) and directions (south and south-southeast) of the winds, and rainfall
(mm) during the 1-week-period before each survey day in 2005 (data from General Directorate of the State
Meteorological Service, _Izmir Regional Station, Turkey).
[b][a]
Figure 16. A)Moisture and B) infrared thermographic map of the wall #7 indicating cool zones (December
2, 2005) (figure is provided in color online).
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dampness, the existence of hygroscopic salts in the walls should also be considered as
permanent moisture sources for the walls because they absorbed water from the
ambient air which was almost permanent and usually high in the basement.
However, as far as the long time of abandonment and inactive water and sewage
disposal systems are concerned, such a rising trend in the calculated moisture and
salt contents of the materials lead one to think of the possibility of water absorption
from the soil ground at present besides the steady absorption from the humid air.
Although the sampling, IRT and conductometric surveys were carried out at the
surface and/or slightly deeper points from the surface of the walls, the similarity in
the conditions of moisture content is probable in the depth of the walls when the long
time of moisture absorption is considered.
Among the materials, the extreme saturation of stone (S) was remarkable
(Figure 19). Despite its relatively low porosity and water absorption capacity, the
[a]
[b]
Figure 17. A)Moisture and B) infrared thermographic map of the wall #7 indicating cool zones (December
2, 2005) (figure is provided in color online).
[b][a]
Figure 18. A) Photograph and B) infrared thermographic image of wall #7, showing cool zone around the
vertical shaft (December 2, 2005) (figure is provided in color online).
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saturation of the accessible pores of the andesite stone which formed the major
portion of the basement masonry, may indicate that its pore structure was composed
of small-sized (capillary) pores, as the materials having capillary pores of this type
draw water faster, but dries slower when compared to those with larger pores
(Schaffer, 2004), i.e. as brick and mortars. This implied the future difficulty in
providing the sufficient drying conditions in the basement.
3.3.4. Evaluation of the Location and Architectural Characteristics The Tabak
House faced newly constructed taller buildings that have been serving as hotels, such
as the Baylan Hotel and Gu¨mu¨s¸Palace. These buildings prevented the lower parts of
the front facade from receiving sunlight until noon while hindering the NE and ENE
winds from sufficiently drying the house (Figure 3).
The attachment of the structures such as the toilet and bath building, and the
building for cloth drying were the later applications that prevented the basement from
drying through its rear facade (Figure 3).
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Figure 19. Graph of the porosity (P), water absorption capacity (WAC), moisture (MC) and the water-
soluble salt contents of thematerials (S, stone; B, brick;M,mortar; and PL, plaster; B2, PL, and soil samples
were analyzed only for their moisture and soluble salt contents) (figure is provided in color online).
Table 1. The results of spot tests for the anion parts of soluble salts in
the materials
Samples (Cl) (NO3
) (SO4
2) (PO4
2)
Soil þ þ þ þ þ þ þ þ þ þ þ 
M1 þ þ þ þ þ þ þ þ 
M2 þ þ þ þ þ þ þ þ þ 
M3 þ þ þ þ þ þ þ þ 
M4 þ þ þ þ þ þ þ þ þ þ þ 
B1 þ þ þ þ þ þ þ þ þ þ 
B2 þ þ þ þ þ þ þ þ þ þ þ 
S1 þ þ þ þ þ þ þ þ þ 
PL þ þ þ þ þ þ 
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In addition, the north sidewall of the house was neighbor to a semi-open laundry
and cloth-drying terrace used by Tan Hotel (Figure 3). The faulty details at the
intersection of the north facade wall and the canopy (made of corrugated galvanized
sheet which was fixed on steel pipes at the terrace), were the sources of rain water leaks
and disposed water from cloth washing. The concrete floor slab of the terrace which
was covered with screed without any water protection along the intersection line with
the house was the second source of rainwater penetration on this side (Figure 20).
The situation at the south side of the house which was occupied by a leather
workshop and its open terrace was similar to the situation described for the north side.
The chimney fixed to the south wall of the house, and the intersection with the terrace
slab and this wall without proper details seemed to cause water leaks into the house
(Figures 3, 20C, and 20D).
On the front side of the house, it was seen that the bottom edges of the
basement windows were raised just a few cm above the asphalt surface of the street
without any sufficient barrier (Figure 2B). Such a faulty detail also gave way to the
penetration of the rainwater splashes into the basement through the gaps of the
windows. The walls, #3 and #6, on which these windows were placed could not be
]b[]a[
[d][c]
Figure 20. Photographs of A) and B) the cloth-drying terrace view of TanHotel, C) the chimney, andD) the
terrace of the leather workshop (figure is provided in color online).
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scanned by IRT due to the leaks of daylight from the gaps at the windows. However,
the permanent existence of moisture at the interior faces of these walls was detected
by moisture readings.
Concerning the dampness problem, the shallow height of the ceiling, which
was not more than 1.90 m, and permanently closed door and windows of the basement
seemed to be important obstacles for the evacuation of the humid and contaminated air.
4. CONCLUSION
The IRT scanning and conductometric measurements on the wall surfaces
proved that moisture was concentrated at the lower parts of the wall surfaces. The
calculated moisture and soluble salt contents, and the detection of salt types in the
materials showed that the source of dampness was soil ground. At present, if the
dampness were not due to the leaks from the sewage disposal systems or water
installations from the buildings around, investigation of the ground water is recom-
mended. The study also revealed that:
 Causing damages in the fabric of the structures through efflorescence when dried,
hygroscopic salts provided permanent source of dampness, thus, creating discom-
fort for the occupants. The salts must be removed with proper cleaning methods. If
this approach is not practically possible, the salts must be isolated and kept in dry
conditions by proper insulation details against moisture intake as much as possible.
 Despite the heterogeneous nature of the masonry structures, IRT and moisture
measurements were proved to be helpful techniques for a quick survey of a qualitative
estimation of the present and potential sources of dampness in the house studied.
However, such dampness studies should also be supplemented by the combination of
other techniques such asmicrowave or georadar tests and thoroughmaterial analyses
if more accurate results are expected for more critical cases.
 Faulty details should be improved with suitable techniques without harming the
authentic features of the historic building under concern.
 In addition to aesthetic and ethical considerations, decisions for the new buildings
in historic environments should also carefully consider the location and environ-
mental climate that surrounds the historic buildings to be preserved.
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